Objective. To describe the cognitive instrument used in the Mexican Health and Aging Study (MHAS) 
T he Mexican Health and Aging Study (MHAS) started with the goal to prospectively evaluate the influence of disease on the health, function, and mortality of adults over the age of 50 in Mexico. A national representative panel of older adults born in 1951 or earlier was selected for the MHAS 2001 baseline, with two follow-ups in 2003 and 2012. In 2012, the study added a representative sample of the population from the 1952-1961 birth cohort. The MHAS data includes information on socioeconomic characteristics, migration, health conditions, disability, and family networks.
1, * One of the key health dimensions covered by the MHAS instruments is cognition. The core cognitive questionnaire used in the MHAS is the screening portion of the Cross Cultural Cognitive Examination (CCCE), a test designed by Glosser, Wolfe, Albert and colleagues in 1993 that has been proven independent of cultural and educational background. The instrument was selected to be used in the MHAS mainly because of its cross-cultural attributes. Concurrent validation of the test with respect to other well accepted screening instruments was determined. High specificity (>94%) and sensitivity (>99%) for detecting dementia were found in Guam and US mainland samples. 2 To be meaningful, test scores must have an empirical frame of reference.
Standardized scores are used as part of neuropsychological assessments to evaluate cognitive impairment; they express the distribution of performance individuals can obtain on a particular test for a specific cognitive task. The resulting distribution of Z scores has a mean of 0 and an SD of 1 regardless of the metric of raw scores from which they were derived. These normative reference groups are considered the 'gold standard' against which an individual's scores are compared, indicating whether the performance is impaired or intact. As well as facilitating the translation of raw scores to estimated population ranks, standardization of tests scores by virtue of conversion to a common metric facilitates comparison of scores across measures. It is important to highlight that the validity of normative standards depends heavily on an appropriate match between the individual being assessed and the normative data to which their test performance is compared. Furthermore, the definition of the norm group is a crucial factor in the accurate interpretation of norm-referenced scores. 3, 4 The present study aims to describe the cognitive instruments used in the MHAS and to provide normative data for the CCCE test and its modified versions. We do this by using a large, population-based sample stratified by age and education from the MHAS 2012 survey. We obtain normative data for each test in the cognitive instrument as well as for the total cognition score.
Materials and methods
This investigation was conducted using the responses to the MHAS 2012 survey cognition instrument, which was applied to study participants in-person, using paper and pencil, during interviews conducted through a household survey. The criteria for inclusion in the analytical sample for the present study were as follows: 1) interviewed directly as follow-up or as new subjects; 2) aged 60 years and older at the time of the 2012 interview; 3) without neurological disease as measured by the self-report of ever being diagnosed with a stroke; 4) without psychiatric disease as measured by a cut-point of 6 or more in the 9-item depression scale administered during the survey, and 5) completed all tests included in the Modified CCCE. Following these criteria, a total of 5 120 participants were included in the present study. See figure 1 for a detailed summary of the MHAS 2012 sample and the resulting analytical sample after applying the inclusion criteria for the present study. 5 an additional cognitive domain was included in the 2003 wave. Three items measuring knowledge about the day, month and year were added, with the total score of the cognition tests ranging from 0 to 83. In the third wave (2012) two new domains measuring executive function and numeracy were added. Animal naming for one minute measured verbal fluency, which is considered an executive function test. 6 A numeracy domain was measured through the task of counting backwards from 20 to 0 in a maximum time of 60 seconds. Numeracy is considered a test of working memory. 7 The time spent by those who correctly completed the task was also recorded.
Another modification introduced in 2012 was in the visuospatial and visual memory tasks. In the first two waves, subjects had to copy two different figures and then recall them with only two possible scores for each task: (0) failed or (1) passed. Total score for visuospatial abilities and visual memory ranged from 0 to 2. A more sensitive scoring system that captured different levels of difficulty was introduced in 2012 and only one figure was included. The tests included in each wave are summarized in table I. It is worth noting that the modifications to the instrument and the scoring system across the three waves of the study allow comparability across waves. For more details on the cognitive measures, see MichaelsObregón, Mejia-Arango and Wong.
8 A total cognitive score on the CCCE for each wave was calculated by adding up the raw scores for each measure. The CCCE maximum total score is 80 for 2001 and 83 for 2003. For the 2012 wave, the raw scores of verbal fluency and the time to complete backwards counting were coded and summed according to the coded score (table II) . The CCCE maximum total score for 2012 is 99.
Statistical analysis
Data analyses were conducted using SPSS version 19.0. Descriptive statistics (mean, standard deviation, percentages) are provided for demographic and health variables. Group differences were established using analysis of variance (anova) with Scheffe procedure for pairwise contrasts for the continuous variables and c 2 for categorical data. Finally, standardized normative scores for each measure were calculated stratifying subjects by three education levels (0, 1 to 6, and 7 or more years of education) within three age groups (60 to 69, 70 to 79, and 80 or more years of age). Raw scores for all measures in each of the nine groups (by age and by education) were converted to standardized scores (Z scores) and then assigned to their corresponding raw scores with a mean of 0 and a standard deviation of 1. Z scores for -1.5 and 1.5 standard deviations were also determined, due to the use of this criterion to classify mild cognitive impairment. 
Results
Demographic characteristics of the sample are presented in table III. Of the 5 120 subjects in the analytical sample, 53% were women. The mean age of the sample was 68.6 years (SD 6.8), nearly two thirds of the elders were in the lowest age range (60-69 years), 29% were aged 70 to 79 years, and less than 10% were in the oldest old group (aged 80 and older). The average education in years was 6.1; however, the standard deviation of 4.6 is evidence of the large variance among subjects. More than 10% have no schooling, half of them attended school between 1 and 6 years, and one third of the sample had seven or more years of education. Although results are not shown, CCCE scores were weakly but significantly correlated with age, with values ranging from r = -0.014 to -0.32. In comparison, correlations with education were higher (r= 0.26 to 0.51).
Although results are not shown, anova analysis by age and education showed significant differences (p<0.00) between the three education groups within the age group 60-69. There is a pattern of increasing scores with increasing education level. Elders aged 70 to 79 years also showed the same pattern, although performance in recall memory was not different between the lowest education groups (0 years and 1-6 years). However, in the oldest old, differences were not apparent among several tests between the lowest education groups (e.g., verbal learning memory, memory recall, verbal fluency) and between the mid and highest education groups (memory recall, visual memory, orientation).
Tables IV, V and VI present the total standardized normative score of the modified CCCE for three education levels (0, 1 to 6, and 7 or more years of education) 
Discussion
The present study aimed to provide standardized reference norms for the Cross Cultural Cognitive Examination Test (CCCE) and its modified version used in the Mexican Health and Aging Study (MHAS) in Mexican individuals aged 60 and over. The result tables present standardized normed scores for eight cognitive domains: orientation, attention, verbal learning memory, verbal recall memory, visuospatial abilities, visual memory, executive function, and numeracy in three education groups within three age groups. When measuring cognitive functioning in survey studies, three issues need to be considered, all of which were confirmed by the results: a) Cognitive structure is multidimensional, as shown by the results, with subjects presenting variation across the multiple domains; b) Declines in cognitive function with age are not uniform, either within or across cognitive domains, and the results again confirm the expectation, showing heterogeneity in the age declines, and c) Decline in cognitive abilities show inter-individual variability. Multidimensionality of cognitive structure is measured in the CCCE through seven domains, which guarantees a comprehensive analysis of the elders' cognitive status. For example, the ability to learn and retain new information is probably the most widely recognized cognitive consequence of aging. Both measures (verbal learning and recall memory) follow a different decline gradient with age 10 and may predict different levels of a person's need for assistance with basic activities of daily living. 11 Furthermore, the nature of the change that occurs, the point at which changes become apparent, and the magnitude and rate of change vary, depending upon the cognitive domain in question. In general, researchers have explained the changes in cognition through an overall cognitive decline due to slowing of processing speed, 12 diminished attention resources, and reduced working memory capacity. 13 Another approach focuses on specific domains. Within a cognitive spectrum, they vary from high to low sensitivity to age: a) learning and memory; b) executive function abilities; c) language; d) visual-spatial abilities, and e) sustained attention.
14 Changes in cognition may begin very early in life. However, the differences may be too small to measure until the study subjects have reached older ages. For some researchers, significant age-related decline is not normative until after age 60 on most ability measures; however, there are wide individual differences in rates of change trajectories in midlife. Looking retrospectively over the association of these trajectories during midlife with subsequent functioning in old age, it has been reported that subjects who showed decline in old age had low performance in memory, verbal fluency, and psychomotor speed in midlife, while declines in reasoning, spatial orientation, and vocabulary were not precursors of impairment. 15 The standardized normed scores presented in this paper will permit the study of cognitive decline in the participants of a large national sample followed up to study the aging process in Mexicans, and how cognitive impairment is associated with a variety of health, economic, and social outcomes. Cognitive profiles at different periods of time may be studied by monitoring the changes among the different domains as well. The results of our analysis show that cognitive abilities have great inter-individual variability. Although the average score on many neuropsychological tests is lower among the older than the younger subjects, there is more variability in the older age group. It has been suggested that there are subtypes of "stables", "decliners" and "gainers" in terms of memory performance in middle age. 15 Individual differences in decline have been explained by the presence of risk factors such as education, race, gender, smoking, apolipoprotein E4 alleles, reduced hippocampus volume, co-morbid chronic diseases, as well as by protective factors: high levels of education, environmental complexity, nature of work, cognitive engagement, and physical exercise. 16 The CCCE standardized normed scores provide data by age, which is the most important risk factor for cognitive impairment; and for education levels, which is one of the biggest sources of variability in cognitive performance, in addition to being a key risk factor in the Mexican population of older adults, with a large share of illiterate elders. 17 The standardized scores present several advantages for researchers. The norms serve to convert raw scores to a common metric and facilitate comparison of scores across different cognitive measures. Despite these virtues, it is necessary to consider the limitations of the present study. First, there is ongoing debate about what constitutes the "best" normative comparison group for neuro-cognitive tests, with some authors advocating that screening out common illnesses results in "supernormal" samples that may not represent the general population. We did not address this issue, but presented community-based population norms and excluded subjects with major neurologic and psychiatric symptoms, which are known to affect cognitive performance. 18 Second, we did not present cut-off points separately by gender. There were no meaningful gender differences in the results (not shown and available upon request); thus, we opted to present the results with both genders together. Future analysis with larger samples may support the calculation of cut-off points stratified by gender. Finally, our results also point to several possible avenues of future research. The lack of association between education and cognition at older ages deserves further exploration, since this well-established pattern of associations is a key indicator of health and mortality differentials. In addition, it would be informative to identify how much of the overall convergence of cognitive scores at older ages is due to particular domains and to establish if all domains converge at similar rates.
